We investigate the competition between the extended s±-wave and d x 2 −y 2 -wave pairing order parameters in the iron-based superconductors. Because of the frustrating pairing interactions among the electron and the hole fermi pockets, a time-reversal symmetry breaking s + id pairing state could be favored. We analyze this pairing state within the Ginzburg-Landau theory, and explore the experimental consequences. In such a state, spatial inhomogeneity induces supercurrent near a non-magnetic impurity and the corners of a square sample. The resonance mode between the s± and d x 2 −y 2 -wave order parameters can be detected through the B1g-Raman spectroscopy.
The discovery of the iron-based new superconductors with high critical temperatures has attracted a great deal of attention [1, 2, 3, 4, 5, 6, 7] . The symmetry structure of Cooper pairs is one of the central issues for elucidating the superconducting properties. This problem is complicated by the structure of multiple Fermi surfaces in LaO 1−x F x FeAs systems, including hole Fermi surfaces α 1,2 around the Γ-point at (k x , k y ) = (0, 0), and the electron Fermi surfaces β 1,2 around the M 1,2 points at (π, 0) and (0, π), respectively. Many theoretical proposals have suggested the fully-gapped extended s ± -wave state which preserves the 4-fold rotational symmetry [8, 9, 10, 11, 12, 13] . Experimentally, the superfluid density obtained from the penetration depth measurements is insensitive to temperature, consistent with this picture [14, 15, 16] . Another competing pairing structure in the square lattice is d x 2 −y 2 as proposed by several groups [9, 13, 17, 18] . Kuroki et al. [9] find that the d x 2 −y 2 pairing wins over the s ± state if the pairing contribution from α-Fermi surfaces is suppressed either by lowering the height of the As atom to the Fe plane or by heavily electron doping [19] . In particular, several theoretical studies have suggested that s ± and d x 2 −y 2 pairings are nearly degnerate [19, 20, 21] .
The calculation of the superconducting susceptibility in the five-band model shows that the extended swave and d x 2 −y 2 pairing orders compete with each other [9] . The spin susceptibility has peaked values around (k x , k y ) = (π, 0) and (0, π) which corresponds to the nesting wavectors connecting α and β Fermi surfaces, and also at nesting wavevectors around (π, π/2) and (π/2, π) connecting two β-surfaces. In the spin fluctuation mechanism, the pairing order parameters favor opposite signs on two Fermi surfaces connected by nesting wavevectors. The first nesting favors the extended s-wave pairing, with the opposite signs for the electron and the hole fermi pockets, and the second one favors the d x 2 −y 2 -wave pairing, with the opposite signs for the nearest-neighbor electron pockets, as depicted in Fig. 1 . As one can see directly from Fig. 1 , the pairing interactions based on these two different nesting vectors lead to a frustrating of the
The two competing pairing order parameters LaFeAsO1−xFx systems investigated in Ref. [8, 9] which are compatible with the square lattice geometry: A) the extended s-wave (s±) and B) the d-wave (d x 2 −y 2 ). The nesting vectors are indicated by the bi-directional arrows.
pairing order parameters -the pure extended s wave and the d x 2 −y 2 pairing states can not satisfy both nesting vectors simultaneously. In this situation, there arises a natural possibility of a mixed s + id pairing state, which can strike a compromise between the two nesting vectors. In this article, we investigate the possibility of time-reversal (TR) symmetry breaking states in LaO 1−x F x FeAs systems based on the competition between the extended s ± and d x 2 −y 2 order parameters. Based on a Ginzburg-Landau (GL) free energy analysis, we show that after the occurrence of the s ± -pairing at T c , the s + id pairing can develop at a lower temperature T ′ by breaking spatial rotation and TR symmetry under certain conditions. Spatial inhomogeneity can generate supercurrent around non-magnetic impurities and the corners of square samples due to a symmetry allowed quadratic gradient coupling of these two order parameters. The corner tunneling Josephson junction is analyzed. The resonance mode connecting two pairing order parameters can be measured through the B 1g Raman spectroscopy.
Unconventional superconductivity with TR symmetry breaking effect has been actively investigated in recent years. Much experimental evidence has shown that Sr 2 RuO 4 exhibits TR symmetry breaking effects consistent with the p x ± ip y state, including the µSR and the Kerr effect [22, 23] . Recently, neutron scattering exper-iments indicate the existence of the loop current in the pseudogap region [24, 25, 26] , and the Kerr effect has also been observed in the YBa 2 Cu 3 O 6+x system below the pseudogap temperature [27] . It has been pointed out that in multi-band superconductors TR symmetry breaking effect can exist with conventional pairing mechanism due to the repulsive interband Cooper pair scatterings [28, 29, 30, 31] . LaO 1−x F x FeAs systems naturally have multi-band structure, thus it would be interesting to investigate possible consequences of the TR symmetry breaking pairing states.
We construct a GL equation to describe the competition between these two singlet pair channels of the extended s-wave (s ± ) and d-wave (d x 2 −y 2 ) order parameters as
where
is the density of states at the Fermi energy; βs are not sensitive to temperatures;
Because ∆ s and ∆ d belong to different representations of the lattice symmetry group, they do not couple at the quadratic level but can couple at the quartic level. In particular, the β 4 -term is allowed by symmetry because orbital angular momentum is conserved modulo 4. The thermodynamic stability condition requires that β 1,2 > 0 and 4β 1 β 2 − (β 3 − 2|β 4 |) 2 > 0. β 3 is also expected to be positive because of the competing nature between ∆ s and ∆ d . A similiar GL theory has been discussed in the high-T c cuprates [32] .
We assume that the pairing tendency in the s ± is stronger but very close to that in the d x 2 −y 2 channel, i.e., T s > T d and 1 − T d /T s ≪ 1. By minimizing the GL free energy of Eq. 1, the condition for the appearance of ∆ d at temperature T is:
. This condition can be satisfied at λ < 1 which gives rise to another critical temperature T ′ as:
The sign of β 4 determines whether TR symmetry is broken or not. If β 4 > 0, it favors a phase difference of ± π 2 between ∆ s and ∆ d , i.e., the s + id pairing. On the other hand, the real combination of s + d is realized at β 4 < 0, which preserves TR symmetry. In both cases, the 4-fold rotational symmetry is broken at T < T ′ which corresponds to an Ising transition. In the former case a combined rotation of 90
• and TR operation still leave the system invariant.
While the uniform components of the ∆ s and the ∆ d components do not couple at the quadratic level, their gradient terms can. The general gradient terms of the 
GL free energy are given by
where Π = ∇ − 2ie A and A is the magnetic vector potential; the γ sd -term describes the coupling between the ∆ s,d orders allowed by the square lattice structure [33] .
Minimizing the free energy we arrive the coupled equations of
The electric supercurrent can be represented as
where j s,d are the intra-component supercurrent, and j sd is the inter-component supercurrent. The total supercurrent j satisfies the continuity condition: ∇ · j = 0. A novel consequence of the γ sd -term is that spatial inhomogeneity induces supercurrent in a s + id superconductor. We consider a non-magnetic impurity located at r 0 = (0, 0) modeled as a Gaussian distribution of αs α s ( r, T ) = α s,d (T )+α 0 e −r 2 /r 2 0 with α 0 > 0. At T < T ′ , a s+id superconductor has the relative phase θ sd = ± π 2 between ∆ s,d in the homogeneous system. However, in the presence of impurities, the spatial inhomogeneous distribution of order parameters causes the inhomogeneity of the relative phase θ sd due to the γ sd term, which induces supercurrent near the impurity. We solve Eqs. 3 and plot the supercurrent pattern in Fig. 2 . Assuming the magnetic field generated by the impurity-induced supercurrent is small, we neglect the dependence of j on the magnetic vector potential A. The magnitude of the supercurrent rapidly decays beyond the order of the healing length defined ξ = γs |αs| . The suppercurrent pattern is symmetric under the rotation of 180
• , and a combined operation of TR and the rotation of ±90
• . Along the x and y-axis passing the impurity, the supercurrents flow along these axis and exhibit the pattern of "two in" and "two out", which is consistent with the reflection symmetry respect to the x and y-axis and the continuity condition. In addition, the system has the combined TR and reflection symmetry respect to the diagonal axes of ±45
• , thus supercurrents flow perpendicularly to these axes. This results in staggered current loops and thus small staggered fluxes in the four quadrants near the impurity. However, these current loops arise from both amplitude and phase variations and do not possess quantized fluxes, and thus are not of topological nature. At T c > T > T ′ , a similar effect also occurs since a non-zero d-wave order parameter can be induced despite the supercurrent in this temperature range is very small. On the other hand, if a s + d mixing is realized below T ′ at β 4 < 0, supercurrents will not be induced by spatial inhomogeneity because s + d does not breaking TR symmetry. The spatial inhomogeneity only causes the amplitude variation of ∆ s,d , whose relative phase difference remains fixed at θ sd = 0 or π.
We next consider a square sample and investigate the supercurrent at the boundary. The spatial variation of ∆ s,d is along directions normal to edges. The continuity condition suppresses the supercurrent except at the four corners as depicted in Fig. 3 . Each of four corners develop a circulating supercurrent loop whose chirality are staggered as we move around the edges. This is also consistent with the combined symmetry operation of TR and the rotation of 90
• . Because at each corner the supercurrent has the same chirality, thus is easier to be detected by using SQUID than the single impurity case.
Furthermore, we consider the spatial distribution of ∆ s,d at β 4 > 0 along the edge of a half-plane sample with x > 0 and the boundary of the y-axis. Given the boundary conditions of ∆ s (x = 0, y) = ∆ d (x = 0, y) = 0 and the spatial homogeneity along the y-direction, Eq. 3 reduces to coupled 1D equations. Again the continuity condition forbids the appearances of a net supercurrent for a s + id superconductor, although the three components of the supercurrent, j s , j d , and j sd , are nonzero individually as depicted in Fig. 4 . One important feature is that j s and j d have opposite signs. This internal counterflow supercurrents is a result of the γ sd term. By plugging ∆ s,d (x) = ρ s,d (x)e iθ s,d (x) into the GL free energy, such a term can be approximated as:
, and therefore the free energy can be lowered by choosing sgn(∂ x θ s ) = −sgn(∂ x θ d ).
The Josephson junctions touching edges with different orientations of a single crystal sample act as convincing phase sensitive measurements for the d-wave pairing symmetry in high T c systems [34, 35] and p-wave pairing symmetry in Sr 2 RuO 4 [36, 37] . We consider the same
